A Unified Database of Large European Earthquakes
By G. GRÜNTHAL and R. WAHLSTRÖM Understanding the potential for large earthquake disasters in the Euro-Mediterranean region, including effects from tsunamis, is a high priority in the European seismological community. Accurate locations and magnitudes are of utmost importance in order to determine various parameters needed for seismic hazard assessment.
Data from local earthquake catalogues for all of Europe and the near surroundings have now been compiled and homogenized in historical as well as instrumental time. This new database concentrates on large earthquakes (M w ≥ 6). Studies of this new database conclude that the earthquake locations concentrate around main tectonic features with less scatter than has been provided by existing databases from international seismological agencies and other previous compilations.
The Need for a New Database
Earthquakes have caused many major disasters in Europe. The two worst earthquakes in past several centuries occurred near Lisbon (Portugal) in 1755 and in the Strait of Messina (Italy) in 1908, which caused about 70,000 and 86,000 deaths, respectively, mostly by the generated tsunami waves. However, because strong events such as these are scarce, the entire damaging potential can only be understood when long time spans are considered.
Reliable catalogues of earthquakes are a necessity not only for the adequate assessment of seismic hazard but also for many other seismicity studies. To fill this need, researchers at the GeoForschungsZentrum Potsdam have created the new database with unified moment magnitudes (M w ) of earthquakes in Europe, the northeast Atlantic Ocean, and the Mediterranean Sea region, including the available historical and instrumental data.
Tectonically, the study area corresponds to the whole western part of the Eurasian plate, including the adjoining microplates, and the corresponding plate boundary zones in the Atlantic Ocean, the Mediterranean region, and the eastward extension of the complicated southern bounds of the Eurasian plate running through the Caucasus and the Caspian Sea.
Because large earthquakes are rare in this study area, there is an urgent need to expand the catalogue as far as possible back in time. However, even in its current form, this database will enable better insight into the seismic hazard and risk potential, and will generate the necessary awareness from the authorities and the public. This article presents an initial analysis of earthquakes in the database with M w ≥6.
Various international agencies and other sources have compiled earlier global and European seismicity databases, such as those by Engdahl et al. [1998] [1996] . Table 1 summarizes these databases and the different strength types they give (beside local magnitude in some cases). Except for significant events listed by NEIC, the time spans of the databases are fairly short. The NEIC data (ending in 1994) go back to 2150 B.C., but many events have no strength measure and the listing contains a relatively large number of non-existing, nonseismic, or false entries, such as wrong size, time, place or type of event. Lacking better data, these global catalogues are still referred to in most seismicity studies of larger areas. Although the Kárník [1996] catalogue represents a significant improvement in the compilation of European earthquakes, it is rather incomplete for the time 1800-1900, where only the epicentral intensity is given.
Creating a New Database
The method in this study makes use of the currently available local and regional databases and catalogues to go back as far as possible into historical times, in some cases with time spans of many centuries and up to over two millennia (see Table 2 ). The completeness and accuracy of the homogenized data imply a significant improvement compared with the international databases.
By cross-checking data from various catalogues and using data from special studies, false entries have been eliminated to the largest possible extent. Our database integrates historical regional data from individual countries' archives.
To compile and select the "best" data for inclusion in the database, the whole study area is subdivided into polygons, in each of which one or more of the aforementioned local catalogues are applied. If an event is included in more than one catalogue, a hierarchy algorithm is used to choose the preferred entry. Each event is quantified in a unified magnitude scale (M w ). When M w is not originally given, it is calculated from another strength type (magnitude or intensity) using derived transformation formulae. A hierarchy algorithm decides which strength type is used for this conversion [Grünthal and Wahlström, 2003] .
Resulting Database, Maps, and Seismotectonic Correlation
This article examines "best" maps of large earthquakes in the studied area. Such maps based on detailed and high-quality earthquake data have been lacking, since no earthquake database previously has existed that has been compiled and homogenized from regional catalogues and that covers long time spans.
A database for central, northern and northwestern parts of Europe was published by Grün-thal and Wahlström [2003] , who presented some 5000 events from historical time (1300 A.D.) up to 1993 with harmonized magnitude, M w ≥ 3.5. That database was based on data from 25 regional catalogues and many special studies. Since its publication, the database has been updated for this area: additional and partly substitute earthquake data sources have been used, and the time period has been extended to the year 2000. The database has also been expanded to southern Europe and the Mediterranean area and surroundings.
The catalogues contributing earthquakes with M w ≥ 6 to the new database are given in Table 2 . These references are part of a study in progress updating and expanding the catalogue by Grün-thal and Wahlström [2003] . The majority of the catalogues go back around two millennia or more in time. Table 3 shows the time intervals of completeness of the data for the catalogues covering the seismically most active regions. The values for Italy have been taken from Stucchi et al. [2004] , and the other values have been obtained by observing the change of rate in the cumulative number of events of a given size (M w = 6 and M w = 7, respectively) plotted versus time.
The advantage of the new database over the previous ones is significant, due to the inclusion of historical events, the improved and more detailed instrumental data, and the harmonization of magnitudes. In addition to the better coverage in time, the improved locations have decreased the scatter with respect to the above mentioned data sets of the international agencies and give, especially for M w ≥ 7, generally good agreement between the epicenters and the plate boundaries and their subsidiaries (Figure 1) . Figure 1a shows the epicenter distribution of the earthquakes with M w ≥ 6. For the Atlantic Ocean, the data are similar to the ISS/ISC 
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data, since no historical data are available except for the Icelandic region, where known historical events from the Icelandic catalogue (Table 2 ) -the first having been in the year 1706 -have been included in the new database. Along the Algerian coast, the epicenter locations coincide with the plate boundary. In Italy, the epicenters in the new database, based on the Italian catalogue (Table 2) , show an excellent correlation with the main faults. Furthermore, the intense seismicity in Greece, western Turkey, and Caucasus is connected with the complicated plate-subplate pattern. Figure 1b shows the distribution of epicenters of earthquakes in the new database with M w ≥ 7. The Hellenic Arc -including Crete and Rhodes -and southern Italy are still represented by many M w ≥ 7 earthquakes when longer time spans -more than a millenniumare considered. Scattered events of this size occur in the southern Balkans and the Aegean Sea. Compared with the M w ≥ 6 map, the drastic decrease in the number of events along the North Atlantic Ridge and the Iberian and North African coasts is notable. The total disappearance of M w ≥ 7 events in northern Italy and the Alps is also noteworthy. Furthermore, there are no magnitude 7 events in the Black Sea or Caspian Sea nor in other coastal regions covered by the used national and regional catalogues. There is a general excellent correlation of the M w ≥ 6 earthquake epicenters with the plate boundaries and, in the northwest Balkans, with first-order tectonic elements constituting boundaries of the Moesian subplate (located southeast of the Carpathian mountain chain in southern Romania and northern Bulgaria).
There is a long, well-documented record of strong and damaging earthquakes in southern Europe, with many deaths in the most fatal events being related to tsunamis. Earthquakes with M w ≥ 8 are listed in Table 4 . The earthquake near Crete in 365 A.D. generated water waves that affected extensive parts of the eastern Mediterranean coasts. The 1303 earthquake near Rhodes also caused large tsunamis, and the devastation from water waves created by the 1755 Lisbon earthquake is well known and documented. The latest earthquake in the Mediterranean area to have caused tsunami-related deaths and destruction occurred in the southern Aegean Sea near Santorini-Amorgos on July 9, 1956 (M w = 7.5).
Conclusions
The database presented here gives more complete and constrained solutions of epicen- ter location and magnitude than those presented by the international seismological centers, and it has the added benefit of including historical data. Quality data of this kind are important to adequately quantify the seismic and tsunami threats. M w ≥ 7 events show a good correlation with the plate boundaries; M w = 6-7 events show a somewhat larger scatter. A few damaging M w ≥ 8 events have occurred in historical time, and such events are likely to occur again. There is a potential for tsunamis in the Mediterranean Sea, and risk scenarios including the tsunami threat should be modeled for M w ≥ 6 and M w ≥ 7 earthquakes.
